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Estimation of Oxidation of Teeming Molten Steel by Air

Takao CHOH, Katsuyoshi IWATA, and Michio INOUYE

Synopsis :

Reoxidation behavior of molten steel during the several pouring processes is studied referring to the pre—
vious results of model experiments.

It is found that gas volume entrained during teeming of molten steel increases with increasing length of
stream and velocity at nozzle exit, and with decreasing nozzle diameter. It is, however, independent of
physical properties of molten steel such as surface tension, viscosity and density, except under the condi—
tion of high teeming height and small nozzle diameter. As for the amount of oxygen absorption through
surface of teeming stream, it is approximately 1/10 of that absorbed by the air entrainment at plunge re—
gion in metal pool, if the stream is practically laminar. However, difference between them decreases with
decreasing teeming rate and teeming height.

A nomograph for estimation of oxygen absorption by gas entrainment and also through surface of stream
was proposed.

Oxygen absorbed during teeming from ladle to tundish at continuous casting of molten steel decreases with
increasing casting rate. Under a constant casting rate, it decreases with increasing casting time accom-—
panying increase of stream radius and decrease of stream exit velocity. It is also suggested that all of oxy—
gen in entrained gas bubbles dissolves into liquid steel.
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Fig. 2. Effect of surface tension of liquid steel on
the amount of oxygen absorbed by gas entrain-
ments at Z=50 and 250cm.
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Fig. 3. Effect of viscosity of liquid steel on the
amount of oxygen absorbed by gas entrainments
at Z=>50 and 250cm.
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Fig. 4. Time dependences of the rate of gas ent-
rainment Vg, oxygen absorbed by gas entrainment
4[OJg and that absorbed through the surface of
pouring stream 4[O]g;.
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Fig. 5. Amounts oxygen absorbed by gas entrain-
ment J[Qlg and through the surface of pouring
stream 4[QJg; at top casting.
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Fig. 6. A nomograph for the estimation of amo-
unts of oxygen absorbed by gas entrainment 4[O]g
and through the surface of pouring stream 4[O]g;
at the nozzle diameter Dy=5cm.
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Fig. 7. A nomograph for the estimation of amo-
unts of oxygen absorbed by gas entrainment
A[O]g and through the surface of pouring stream
A4[O]g; at the nozzle diameter Dy=7cm.
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Fig. 8. Estimations of oxygen absorption of liquid
steel, 4[O]g and 4[O]g,, during teeming from
ladle to tundish of continuous casting at several
casting rates.
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Fig. 9. Time dependences of the rate of gas
entrainment and the total gas volume entrained.
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Fig. 10. Estimations of average oxygen absorp-
tion of liquid steel during teeming from ladle to
tundish of continuous casting at several casting
rates.
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Fig. 11. Effects of nozzle diameter and stream
length on the rate of gas entrainment.
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XTHE 33 MiA—DHERHESRHFS T » R =120
cm, M;=100t, Z=75cm %\, hg=70cm, p=7g/
cmd, ky=8.03 x 10-5 mol/ (om?-2tmi/2-5)1® 1} %K
WHEBZESE Po, 8 P& L% Runge Kutta iz XD
TEHELTR LS. 7KL, db OEIEEETEs & o
KEOTFEEY 5Tt 5. Fig. 12 34 OERE
Wittt b Po, & x DBIFERRTH, whiK&E{L5
eoh T, HEALGEENKE L), BROBHEC
HERE LR 3R 2 TWw5b. L Lissb, K
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TN
\

10 :
0 10 20 30
X ,(cm)
Fig. 12. Dissolution rates of entrained gaSeous
oxygen into liquid steel.

MY DOEHEFEL x=5~10cm DOEFEER-CEEL,
58 2.2 MCHEE LCX 5 REXAZKHUADOHE 1 4
IS G T TR Y 100% BRINIWD EARD D & A
T&E5.
4-3 HROPRERADEEFILDOEHA

AT ATRBREET LOEI,BEEHEHEL, * 4
74 2BRTHEECERL, F¥AEZALEEY*
vy 7 s ¥ROBEHTE LY. —F, J- SzexeLy?) 3
HEARAEO IAHAUNCHERIERE %2, TOBRAD
TRTOFANREEE L DR ERCEEATRS &0
5 FARBREL, WAL BERIEET 5RkD
HIERS R A L.

ARRTIHF T FAOHICH L Z B I, * 585
BRI D M. P. KEnny'® 3 L O LRSS

% W. WiLson® DJIEERY & b B, tD&HtTD
&W@ﬁé%ﬁﬁb EAEEORBEERABZ L
- Filebb, HHERERTBHE&M4O—EL Szekery
c‘:ﬁiﬁ:ﬁ‘?’%ﬁ!, Table 1 35 k¢ Table 2 i3 Xk 5
T, RETNOHBEERRWUEER LRI —FL
Tw5. 7ok Table 1 Xk 4[0]q 42 4[0]s
HE A fEE 7 b, T Table 2 CRIFAEI ITITE
L\, Zhik Fig. 6 X0 Fig. 7 T~k X 51,

Table 1. Application of the present model to
the previous results by M. P. Kenny.

KENNY SZEKELY Present work
Z (em) 15 (in) 38 38
ag {em) §/16 (in) 0.79 0.79
Uq (em/s) 242 [01272 [
4 e=19.0
AEO](p m) 30 26.5 {A[O]sn:lo. 8
P [O]mnl _29 8

*1 The nozzle exit velocity was calculated from the tegming
rate of 500 1 b/min as follows : Uy=500x453. 6/(rayp X
60)=272.6 cm/s.

Table 2. Application of the present model to the
previous results by W. WiLson.

WILSON SZEKELY Present work
Z (cm) 40.5 40.5
ay (cm) 2.85/2 2.036*2
Uy (em/s) 8ft/s 02513‘ 8
d[O)Je=4.4
A0) oy 9 10 { A[0Te=4.5
ppm [ O0Liota1 =8.9

*2 The radius of nozzle was calculated from the teemin; rate
of 4/3 t/min as follows : ap=(3x10%/(4x60xnp Uy} i=
2, 036 cm

ZE IV U RELEPI W LERLTWA.

F70OASE, AHE B2 300kg 0% Dy=3.5cm,
Ry=48cm, Z;=130cm, SEEIEE 20 cm D44 F
#HL, EABEBOBNERK I & LT 4[0]e=80ppm
R LT, COHRFEFE, KeFrik@ B T 5 &,
4[01eg=14.2 ppm, 4[Ols=8.1ppm HMNEH SR, HH
DOF0 A[01=22.3 ppm 1XFEHME L —FK LISV, ZOR
—HoFERE LT, EAEINLENE AR
BT A BEMOBIEEAKEVWI LR X5 EBbR AT

—HEA LWIEL DEMHTCRD -5 v 7
v ¥ 2 BEAARBE BT 5 EKBLEYRE LT 5.
T T, BAGEERTEMN, BEARET = v
— A LI HET el A[All=34ppm (4[0]=30
ppm KHYNTS.) wAMELBRbEREE AT L. Ly
Lighi b, A F A Lo CHEBRINERE TS &,
EAGEYHEHA LW KREAUEROEHT R B W T
A[0)e=7 ppm 3 &F, @iho 30ppm O LDzER

12 FELDMBRDIEABDAT S v 2 REFE Vp(C.Cfs) i€

B 6$%i3%ﬁﬁéé1‘§ﬁ§b Tﬁ?’&

Vap 0c DoZUp3 2emerersanne (A])
Lizs. cmgaeﬁl:—*s'cfﬁﬁ?a a s;mzzkaf?’ﬁo Fig. 11 O
FBEILHUUL TN S, S NPHASE

Vi=aDg2Up /4 EDHTETE

Vapl Vi 0¢ 4ZUG17 2/ (D) wereesesesrs seneens (A2)
Ligh, Z BEO Uy BA—25157 XNE Dy HAL L BILD
NTERBILBOAL LT, AF 50 B4 HEHICETS
AT EMBELMLES. T TADRICBINT ZUp\ 2/ DyOH %
KHBE, Table. | RKRULTEN, XD Kenny OB&ITIR
397cm172-5-1/2, Table. 2 OAKLY Dy O Wilson Tit 155cml 2
57172 LEFE 5. —F, AELOBER Do @) Kids,
Z DEDK RN DITHEED 554cml/2-5-172, FKHHiz2378cm1 2

57172 ERE LK RT T v v 2 OBEHELEMICHE T S MR H
3.
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KEV. Lo, EXALEI i3, EAEE
AR b FOERTHABERAZIELTDEELD
R, 4[01=30 ppm |3 ALK LT R ORI ZE L
BINEOMEZ S Z EABEICELRS. WThic LT
b, AP CREAGHTO ¥ AEEALEELPHRT
VDT, MAERER LWL EOEEXHERETHZ L
wts, Thbt, WESLHE w=1.9tmin, Z=100
cm, [,=20 cm (BE@Wit lpb=21cm) WHEDT Fig. 10
DEEREIMNET S L, 4[0]=60ppm 1@ LIRD. &
DETESOREERCIVWCERNBEEN D7 5 v

2 ADEXALEIVS A = v I7ORARCIERET HEER
BT XD 4[01=51 ppm il hiTu.

CDOERMEALNLIE VT 4 o vV -BRIMEACE
T AEgBEEEL, | ADRE, X Tk 4[O]=
SKDA—F v AATiE 4[0]1=39~
92 ppm DOEEWINNG DB EER L. I THHEE
ZEREDE 4[01=30~80ppm w4 —F v XAHEH
BoEg5i{tE sl L, KEFALOFEAERA. T
e Bk AL lo=15cm, w=1t/min, Z=30cm Tii
A[O1g=6! ppm, 4[Ols=8ppm L7 h, &7t 4[O]
=69ppm rHEIh, FHECHEADELYHEETE
5.

Lk, s F— 2R LTEeFLDOBERAZRASLL
P, —OATT oy VBRBKEVHELRE, K
FARL ) EETELAEEMEETHE LD LE
bohs.

11~ 14 ppm,

5. ¥

EFARBCEE Ly A% EALEE T 5 R
Fh LEMEAROESBILXEEL, KOBEREH
7z,

1) BMEARD A% EARCH S BERINEILE
A7 AWML BEABINEVEEYRE, BHOXRE
B, HEDDVCIBE R EPHE~DOERFIRDI .

2) WMUNEBERY ., X VHOTE Uy H5VIREAR
XZo LRI o>THEML, M, AR Dy BKEL
5 LW TS FLBRINEED 5 LAEREEILO]s:
13 XIALZEG D bORIE 4[0)e KHBR L Thieh
L, —#wiz 1/10 &, L Ligsih, Utk
IOZMNERRPIVEET TR 4[0]e 2R T2
h, d[O1s; LFRBERcS.

3) EKeFAhD Dy=5cm kL 7cm OBHBHETD
WTHEOLBENE, IHIEILRIEARICE
ARSI HET SRR RO

4) HWEHESEEORSE-4 YT 4 v ¥ MEABRIS

i

5 S BLE R EERAT SNSRI R E VWA, B
ANEDEON T LEWRETT%. FeFEdEEo L
A oh TESBEL k5.

5 #HX ARG LOMBERIGEESE L i
R RIGEERAE S, SEARKREERIRE 100
% BN X B ELRIT o ENTEI.

6) fExDLHETCELNEIECEE T A 2HBH
L, Th bOERYIIEHM L. ‘

Fdo b CARFROFETEhIch BB BT 5 FM
7o TE Stk % B F X o KRBk (BF) TFoebase 4
bR MEFEE K, IRk () BT pT R R
MPFgeE EHARLKES YOERERBITE B EERE
FiERERE HINHESEEIDIIATT » Yo kBT
5 PERE B\ T IR o W e BE R SR A R
MRFTBI% e BRERERCHILXERLET.

) =)

a8, BABHEZH LIV ANHOWREEE (cm)

d : EFRHEETEO—O&KE (cm)

dp,d} : KYAEEE Z OMPE (cm)

Dy: / XnEZE (cm)

D : pEEergEE®E (cm)

Dy,-0, : BR-FEFMAELILB AR (cm?/s)

Dy : 38R ZRIKHGRE (cm?/s)

E :EH=xAF— (erg)

F : swAms (cm?)

Fp: Q-WHEREME (cm?)

Fr : Froude ¥ (—)

g BENIEE (cm/s?)

G: Bffi%sARnryr2E (md)

hahhhf(: ﬁﬁ)l’a‘i t, MY XIORPEMANIBENES

cm
hg : BRSAABARE (cm)
ky : [LENDEBHRE (cm/s)
ke s (b¥ RISEEE & (mol/(s- cm?-atm!?/2))
ly: 7 XLEXE (cm)
m:EhByoHERE (g)
M:EHEER (t)
Mo, : BBE o+ & (g/mol)
7 [N DEBEEE (mol/(cm?-s))
Ny MOy MRy 10, * BERB I UVBEET ALK I CTHS
DANHAE (mol)

A[O1g, 4[O)g : B E2RLK[RPLDOMETINE R X
X DFHE (%)

A[OT1g, A[O)st : EAWMMAE 2B L cEEBRNE S
L& DRHE (%)

Po: k&S FE (atm)

POz : Eﬁ‘%‘}}’f (atm)

Po, B Poyi,B: [RIBAEBESERS LT ORESIL

(atm)

R : fthE ¥ (cm3.atm/(mol-K))

R, : W#HFE (cm)

Rc: F % E?‘f'{#@ (cm)

Re : Reynolds % (—)

S¢ : Schmidt #% (—)

t B (s)

T : g (K)
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g : EADEZH LI/ XA O CORHHE
(em/s)

vp : KB LAEE (cm/s)

Ves Vi # A% &AL H X CHEAEE (cmd/s)

w: GhEEEE (t/ min), (g/s)

We : Weber 8% (—)

x cELWEH (cm)

Z,Zi,Z; : R, WIS XUORMEAR S (cm)

e FEAMIZH XV, A0 CoOENIER
(cm)

P K (cm)

: ¥5BE (p)

P EREE (cm?/s)

P HEE (g/cm?)

: ¥M3EA (dyn/cm)
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